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Abstract— We describe a trigger to be used by the DØ Ex-
periment for selecting events with tracks having a large impact
parameter with respectto the collision point. This device utilizes
information fr om the Silicon Micr ostrip Tracker to provide
impr oved spatial and momentum resolutionsfor chargedparticles.
It is constructed of custom digital boards with programmable
processors.A common motherboard provides I/O and buffer
management and thr ee differ ent daughter boards perform the
tasks of identifying the roads fr om the tracking trigger data,
finding the clusters in the roadsin the silicon detector, and fitting
tracks to the clusters. This approach provides flexibilit y for the
design,testing and maintenancephasesof the project. A ������� m
impact parameter resolution is provided to the trigger framework
in less than fifty microseconds.We present preliminary results
fr om the first weeksof test run of this trigger integrated with the
DØ trigger system.

Index Terms— Trigger system,Tracking system,Silicon detec-
tors, Impact parameter.

I . INTRODUCTION

T RACKS with large impactparameterscanbe usedto tag
thedecaysof long-livedparticles,suchasB or D hadrons

or � leptons. Theseparticles bear essentialinformation for
many interestingphysics topics,e.g. the presenceof b quarks
is a signature for Higgs bosondecays and top quark decays,
andeventswith b quarks are relevant to the understandingof
massgeneration and CP violation. The ability to efficiently
singleoutb quarkevents will considerablybenefit solvingthese
fundamentalparticlephysics problems.

The DØ Silicon Track Trigger (STT) [1], approved in 1999
as the newest addition to the upgraded DØ trigger system,
providestheDØ triggersystemwith thecapabilityof selecting
events containing trackswith large impact parameters.It per-
forms high precisiononline reconstructionof charged particle
tracks found in the Central Fiber Tracker (CFT) by utilizing
muchfiner spatialresolutions of theSilicon Microstrip Tracker
(SMT).

I I . DØ TRIGGER AND TRACKING SYSTEM

The Tevatron is delivering proton-anti-proton collisions at
a rate of 2.53 MHz, while the data acquisitionrate is only
about 100 Hz. To bring down the data rate, the DØ has a
three level trigger system,and Level 1 has pipelined buffers
to absorb rateflunctuations. The Level 1 trigger must make a
decisionon eachevent fast enough to accommodatethe 396
ns beamcrossingtime to reject the inconsequentialcollisions
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while keepingthe deadtime to a minimum and maintaining
highefficiency for thoseevents thatyield interestingphysics.To
accomplish this goal,theLevel 1 trigger systemis implemented
in hardware and locates significant energy deposits in the
calorimeter and preprogrammed hit patterns in the CFT, the
Central Preshower (CPS), the Forward Preshower (FPS) and
in the Muon Chambers. It also attemptsto identify limited
spatial correlations betweendetectorelements.The Level 2
trigger consistsof an array of dedicatedpreprocessorsand a
global Level 2 processor. Eachmajor DØ detector component
has a corresponding Level 2 preprocessor, and the STT is
a preprocessor for the SMT. The global processor makes
trigger decisionsbasedon the information received from the
preprocessorsand sendsits output to the third level only for
the interestingevents.To maintaina deadtime below �
	 , the
meandecisiontime for Level 2 must be under ������ s with
roughly ����� s for the preprocessorsand ���� s for the global
Level 2 decision.The Level 3 consistsof a farm of computers
that perform sophisticatedreconstruction algorithms.

TheDØ chargedparticletracking systemis mainlycomposed
of threecomponents:a superconducting solenoid,theCFT and
the SMT. The solenoid, surrounding the CFT and the SMT,
provides a 2 Tesla magneticfield to allow the measurement
of the momenta of charged particles. The CFT consists of��� �������� 1mm scintillating fibers mounted on eight carbon-
composite cylinders at radii ranging from 20 to 55 cm. The
position resolution is about ������� m. Although the very fast
readout speedof the CFT and the small number of readout
channelsmake it possiblefor theLevel 1 CentralTrackTrigger
(CTT) to useCFT datato selectgood charged particle tracks
and send these Level 1 tracks to the Level 2 trigger. The
resolution of theCFT is insufficient to provide a preciseimpact
parametermeasurement.On the otherhand,the SMT consists
of silicon disksandbarrelsformed into 6 disk/barrel modules.
Thesebarrelscomprise rectangular silicon detectors arranged
in four concentric layers.All detectors have ����� m pitch silicon
stripsarranged parallel to the beamline aswell as in a stereo
angle. In total there are about ��� !�"���� readout channels. It
providesa position resolutionof about ���#� m, which is good
enough to provide a preciseimpact parameter but the large
number of readout channels and the readout speedof silicon
detectorprevent it from beingusedin the Level 1 trigger.

TheSTT, combining SMT andCFT informationtogether, can
solve this dilemma. TheSTT usestheCFT trackastheseedof
a roadthat is extrapolatedinto theSMT. Silicon clusterswithin
this road can then be included in the track fit, in addition to
the original CFT information.

As shown in Fig. 1, for eachevent, the Level 1 CTT sends



$�$$�$$�$%�%%�%%�%
&�&&�&&�&'�''�''�' (()) **++ ,,-- ..//

2 mm road

SMT barrel

CFT H layer

CFT A layer

Fig. 1. The FRC roadsforming and the SMT hits selection in STT.
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Fig. 2. The layout of the STT crate.

a list of up to 46 tracksto eachSTT. A 01� mm roadis defined
around eachtrack and only the SMT clusterswithin the road
are considered for the track fitting. In doing this the number
of SMT clustersconsidered for eachtrack fit is dramatically
reducedsothatthefitting canbedonefastenough for theLevel
2 trigger system.The STT usesthe hits in the innermost and
outermost layersof theCFT aswell asclusterson threeor four
layersof the SMT to perform the track fitting, so the STT can
provide fine enough impact parametersresolution. The fitting
result of eachroadare sentto the Level 2 CTT as well as to
the global Level 3 trigger system.

For the purposeof the STT, the SMT barrel sectionsare
divided into 12 sectors,eachroughly  �32 in azimuth. Because
of overlapsbetweensectors,most high transverse momentum
tracks hit detectorsthat belong to the same sector in all
four layers. Each  �!2 SMT sector can therefore be treated
independentlyin the STT with a negligible loss.

I I I . STT HARDWARE DESIGN

The STT usescustom-designedVME boardswith on-board
programmable processors.Six identical crates house these
boards, each serving one of the SMT sextants. Each crate
has one crate controller, one Single Board Computer, one
Fiber Road Card, nine Silicon Trigger Cardsand two Track
Fitting Cards(SeeFig. 2). Since thesecards sharecommon
requirementsfor internal and external interfaces,they use a
common motherboard, with the specific logic containedon
daughter boards. Data are communicatedbetweenthe cards
usingpoint-to-point serial links. Control informationusesded-
icatedbackplane signals.

A. Motherboard

The STT motherboard is a �5476985�� -mm VME64x-
compatible card containing three independent 33 MHz PCI
bussesto communicatebetweenthe logic daughter boardand
common input/outputanddata-buffering daughterboards.It has
VIPA standard P0,P1 andP2 connectors.TheJ3/P3connector
is nonstandardto accommodatethe backplaneof the existing
SMT readout system.

The logic specificto the FRC, the STC and the TFC is lo-
catedon individual PCI buslogic daughter boards,describedin
detailbelow. ThethreePCI bussesconnect thedaughter boards
to the crate backplane bus and to point-to-point serial links.
Thereare two independent PCI-PCI bridges for simultaneous
PCI-PCIdatatransmitting.

The VME bus is used for readout to Level 3 as well as
for initialization and monitoring. A Universe II chip on the
motherboard, actingasa VME-to-PCI bus bridge, allows crate
controller CPU accessto the daughter boards.

B. Internal/external data transmitting

The point-to-point serial links for data communication be-
tween the three types of logic daugher cards use Low-
Voltage Differential Signaling (LVDS) drivers. The LVDS
receiver/transmitterboards (LRB/LTB) aregroupedon two 32-
bit-wide PCI bussesand transfer32-bit words at a rate of 32
MHz. They approximately conform to PCI Modules Industry
Packs (PC-MIP) standards and can therefore be installed on
standalone carrier boards for testing and debugging applica-
tions.Up to six I/O cardscanbemountedoneachmotherboard,
as required by the daughter board.

The STT sendsits output to the Level 2 trigger system
via the hotlink transmittingcard which is also seatedon PC-
MIP interfacesof the mother board. Eachdaughter boardalso
producesand sendsdata to Level 3. Thesedata are stored
in FIFOs on the daughter boards and then read out via the
third PCI busto dual-port memory bufferson separatedaughter
cards–thebuffer controllers (BC)–thatsit on eachmotherboard.
A DØ standardSingle Board Computer (SBC) card in each
cratereads datafrom the buffer controller andtransfersto the
Level 3 via an ethernet connection.

C. Fiber road card

The Fiber RoadCard(FRC) is composedof four functional
elementsimplementedin threeseparateAltera FLEX10K Field
ProgrammableGateArrays (FPGA). Theseinclude the trigger
receiver, the road receiver, the trigger/road dataformatterand
the buffer manager. [2]

ThetriggerreceiverreceivesDØwidesynchronization signals
from the trigger framework via a special daughter card–the
SerialCommand Link (SCL) card–on the motherboard. It is a
DØ standardPC-MIP-like board (built at Fermilab). Thetrigger
informationis presentedas128 bits on two 64-pin connectors.
The FRC broadcastsa limited subsetof thesecontrol signals
to the other cardsvia a local bus on the J3 backplane.The



triggerreceiveralsosendsstatusinformationbackto thetrigger
framework.

The roadreceiver logic receives track information from the
Level 1 CTT via an optical fiber link (usingHP G-Link proto-
col). Thedataarereceivedby arear-mountedFermilabstandard
VRB Transition Module (VTM) and transmittedthrough the
backplanevia J3 pins.

The trigger/roaddataformatter combines the road informa-
tion with therelevantSCL datafrom thetriggerframework and
transmitsthe datato the other logic daughtercards.The logic
for the trigger/roaddataformatteris combined with thatof the
roadreceiver andstoredon a singleAltera FLEX10K50 FPGA.

The buffer manager handles buffering and readout to Level
3. It manages the assignment of buffers on the BC’s for Level
1 acceptedevents for all the individual STT logic cards.The
buffer manager decidesif an event bufferedby the otherSTT
cardsshouldbe sent to Level 3 basedon the Level 2 trigger
information. The buffer manager communicates via the J3
backplanewith BC’s.

D. Silicon trigger card

The Silicon Trigger Card (STC) receives the raw SMT data
via a VTM. EachVTM hasfour fiber receivers, eachof which
receives two SMT detectorreadout channels. Nine suchcards
are needed to processall the SMT channels in a sextant. The
SMT uses a Xilinx Virtex XCV812E chip programmed in
VHDL for its mainfunctionalitiesand3 Altera ACEX EP1K30
chipsfor PCI interfacescontroller.

In theSTC,thehit datafrom thesilicon stripsarefirst com-
paredto a lookup table (storedin on-boardRAM) identifying
bad strips. Data from good strips are then correctedfor gain
andpedestalby multiplicationandsubtraction. ThentheFPGA
find theclustersof hit strips.A clusteris a group of contiguous
strips with pulseheights above a given threshold. The cluster
location is determined by the pulse-height-weighted centroid
of up to five strips . The resultingclustersarematchedto the
tracksbroadcastedby theFRCusinga secondlookup tableand
transmittedto the track fitting cards. Clustersarealsoreadout
to Level 3 via the BC.

E. Track fit card

Thereare two Track Fit Cards(TFC) in eachcrate,onefor
each  �:2 sector of the SMT. The FRC road and the SMT
cluster information are received using the STT standardPC-
MIP receiver cards. Thehardwareroadandclusterinformation
is translatedinto physical coordinates( ;=<?> ) by lookup tables
storedin on-board RAM. Eight TI-TMS320C62033 300MHz
integer Digital SignalProcessors(DSP)areusedby eachTFC
to perform trackfitting. Thefitting algorithm is programmed in
C. Three Altera FLEX10K100 FPGAssupplythecontrol logic
on the board.

The cluster in eachSMT layer that is closestin > to the
centerof the road represented by a CTT track is chosenby
the TFC for the fit. The hits on the CFT innermost (A) and

outermost (H) layersare also used.(seeFig. 1). The fit will
not be performed if thereare hits in less than threedifferent
SMT layerswithin a CTT road.Whenthereareonly threeSMT
layersthat containclusters,the TFC performs a 1-passfit. The
TFC mayperform a 2-passfit whenthereare4 SMT layersthat
have chosenclusters:first it fits with the2 CFT hits and4 SMT
clusters.If the initial fit quality is poor, the hit that introduces
the largestcontribution to the @BA is discarded and the track is
refit usingthe remaining threeSMT hits. By requiring clusters
in only threeout of four SMT layers,the track reconstruction
efficiency is increasedby �
��	 to around � ��	 for trackswith
transversemomentum above 1.5 GeV.

The track parameters in the ;C<D> planeare determined by
fitting with the form >FEG;�H#IKJML
;ONQP!;RNQ>3S , where J is the
impact parameterwith respectto the detectororigin, P is the
curvatureof the trackand >FS is thedirection of the trackat the
point of closestapproach.[3] Thetrackparameters J
��P and > S
areobtainedfrom the > valuesof thehits in theSMT andCFT
layersby multiplying the > vector with a precomputedmatrix
that is storedin a lookup table in on-boardRAM.

The TFC can correct for beam position offsets from the
detectororigin. Thebeamposition ET;VU��W>XU=H will bedetermined
at the beginning of eachdata-taking run ( of 4 hour maximum
duration)from a sampleof severalhundredevents by a program
running on a dedicatedcomputer and then madeavailable to
the Level 2 trigger framework. It is then downloadedto the
TFC andusedfor the remainder of the data-taking run.

The TFC outputsthe trackparameters andthe fit @=A aswell
asadditional geometric informationregardingto thefitting and
clusterselection.Thedataaretransmittedto theLevel 2 trigger
where theseresults are used for selectingevents containing
tracksof large impactparameter. It is alsobufferedin a buffer
controller cardfor VME readout to Level 3.

IV. STT PERFORMANCE

The STT is now in the final stageof commissioning.All
componentsfor the six cratesare at hand.Five of them have
beenfully-populated,andare fully functional; one is reserved
for testing purposes.Two of the fully functional crateswere
successfullyput into theDØ triggersystemandreadout during
normal physicsdatatakingruns.A packagefully simulatingthe
STT is alsoavailable.

Fig. 3 shows the TFC fitting time distribution during one
of the physics runs. The TFC usesmost of the STT decision
time, andthe meanTFC fitting time is within the requirement
of ��Y� s for Level 2 preprocessors.The three spikes in the
distribution are due to the rejection of tracks with less than
threeSMT hits andthe 2-passfitting procedureof the TFC.

Fig. 4 shows the intrinsic STT impactparameterresolution
distribution as a function of the track Z\[ determined by
simulations. The STT impact parameter resolutionof ]�^� m
is dominatedby a  �C� m componentassociatedwith thecross-
section of the proton-antiproton beam,a �
��� m component
associatedwith the resolution of theSMT, anda Z [ dependent
componentarisingfrom multiple Coulombscattering.
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Fig. 3. The TFC fitting time recorded during a portion of physicsrun.

Fig. 4. The STT intrinsic impact parameter resolution vs. transversetrack
momentum_�` .

Fig. 5 shows the STT simulationon date from one of the
physics runs which had the STT crates in. The beam spot
corrections were applied to the data. A cut on tracks with@ A L dof ab8 is appliedto pick up the good fits. The � � unit
Gaussianwidth meansthe impactparameter resolutionis well
defined. The tails of the distribution arebeingstudied.

V. CONCLUSIONS

TheSTT is a novel device thatmeasuresthe impactparame-
tersof displacedtracks,enablingtheselectionof large samples
of events thatcontainb quarks andotherlong livedparticlesin
the presence of enormous backgrounds. The STT is currently
beingcommissionedandwill be operating shortly.
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Fig. 5. The impact parameter significencedistribution for a physicsrun.
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